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The Bio-Fuel Project
 
AUTHORS: 

Matthew A. Brown and Raymond I. Quintana 

GRADE LEVEL/SUBJECT: 
10th, 11th, 12th Chemistry & Technology Education 

Relevant Curriculum Standards:  
From The National Science Education Content Standards 

Science as Inquiry Standard A: 
•	 Use appropriate tools and techniques to gather, analyze, and 

interpret data. 
•	 Develop descriptions, explanations, predictions, and models using 

evidence 
•	 Think critically and logically to make the relationships between 

evidence and explanations. 

Physical Science Standard B: 
•	 Structure and Properties of Matter - The physical properties of 

compounds reflect the nature of the interactions among its 
molecules. Carbon atoms can bond to one another…to form a 
variety of structures, including synthetic polymers, oils, and the 
large molecules essential to life.  
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•	 Chemical Reactions – Chemical reactions occur all around us, for 
example in health care, cooking, cosmetics, and automobiles.  
Chemical reactions may release or consume energy. Some 
reactions such as the burning of fossil fuels release large amounts 
of energy by losing heat and by emitting light.  Catalysts, such as 
metal surfaces, accelerate chemical reactions. 

•	 Transfer of energy – energy is a property of many substances and 
is associated with heat, light, and electricity.  Energy is transferred 
in many ways. 

•	 Conservation of Energy – Everything tends to become less orderly 
over time. Thus, in all energy transfers, the overall effect is that the 
energy is spread out uniformly. Examples are the transfer of energy 
from hotter to cooler objects by conduction, radiation, or 
convection and the warming of our surroundings when we burn 
fuels. 

Science and Technology Standard E: 
•	 Identify a problem.  
•	 Propose designs and choose between alternative solutions. 
•	 Implement a proposed solution. 
•	 Evaluate the solution and its consequences. 

From The Standards for Technological Literacy 
Standard 5: Students will develop an understanding of the 
effects of technology on the Environment: 

L. 	Decisions regarding the implementation of technologies involve 
the weighing of trade-offs 
between predicted positive and negative effects on the 
environment. 

Standard 10: Students will develop an understanding of the role 
of troubleshooting, research and development, invention and 
innovation, and experimentation in problem solving: 

L. Many technological problems require a multidisciplinary 
approach. 

Standard 16. Students will develop an understanding of and be 
able to select and use energy and power technologies: 

N. Power systems must have a source of energy, a process, and 
loads. 
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Standard 17. Students will develop an understanding of and be 
able to select and use information and communication 
technologies: 

Q. Technological knowledge and processes are communicated 
using symbols, measurement, conventions, icons, graphic 
images, and languages that incorporate a variety of visual, 
auditory, and tactile stimuli. 

Standard 18. Students will develop an understanding of and be 
able to select and use transportation technologies: 

K. Intermodalism is the use of different modes of transportation, 
such as highways, railways, and waterways as part of an 
interconnected system that can move people and goods easily 
from one mode to another. 

L. Transportation services and methods have led to a population 
that is regularly on the move. 

M. The design of intelligent and non-intelligent transportation 
systems depends on many processes and innovative techniques. 

TEACHER’S OVERVIEW: 
This exercise introduces students to the concept of alternative fuels and 

gives them an opportunity to produce their own biodiesel fuel using an analytical 
approach. The text of the exercise gives students a brief background in the 
environmental benefits of using biodiesel as a diesel substitute.  The lab portion 
of this exercise demonstrates the basic chemistry involved in making biodiesel 
from vegetable oils and waste oils. 

Many students have heard about biodiesel without realizing that to 
produce the fuel from waste vegetable oil is a fairly simple process.  Seeing the 
process firsthand and, better yet, going through the steps from oil to fuel, 
enables the student to grasp the fuel making process.  Included in this exercise 
is some basic oil analysis that is necessary to differentiate between various oils 
that a biodiesel producer may encounter. This is an easy exercise to set up. It 
requires primarily basic equipment commonly found in a high school chemistry 
laboratory. Interest sparked by this exercise may inspire students to become 
more familiar with the various aspects of renewable energy technologies. 

Safety practices for handling the materials involved in producing biodiesel 
fuel cannot be overemphasized, especially if students attempt to synthesize 
biodiesel outside of class. 
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LEARNING OBJECTIVES: 

Students participating in this activity are expected to learn the following: 

•	 The definition of a renewable fuel 

•	 How the substitution of biodiesel fuel for petroleum diesel benefits the 
environment 

•	 How biodiesel fuel is made from waste vegetable oil 

•	 How this fuel-making process can be adjusted to utilize waste oils from 
different sources, and the chemical analyses necessary to determine oil 
quality 

•	 How to assess the finished products from the biodiesel reaction 

•	 How issues of waste stream management can be addressed in an 
environmentally responsible way 

TIME ALLOTTED: Two weeks 

VOCABULARY 
Energy Biodiesel Titration 
Transesterification Triglycerides Esters 
Fuel pH Glycerol 

RESOURCES AND MATERIALS: 

Resources: 
Bio-Fuel design brief handouts, computers for web research of Bio-Diesel 
processing. 

Materials: 

Chemical resistant gloves, goggles, and lab aprons 

New vegetable oil (500 ml) 

Two samples of waste vegetable oil (about 600 ml or more of each) 

Sodium Hydroxide (lye)  

Methanol 

Isopropyl alcohol  

0.1% sodium hydroxide stock solution for titrations 

2 quart mason jars, or HDPE plastic bottles with tight fitting lids 

Graduated cylinders: 1000 ml, 100 ml, and 10 ml. 
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Pipettes, or burets graduated to measure 0.1 ml, graduated eyedroppers, or 
graduated plastic syringes  

Scale accurate to 0.1 grams 

Hot plates with stirring rods or suitable substitute 

1 L beakers for heating oil 

Beaker tongs for transferring warmed oil to graduated cylinders 

Celsius thermometers 

pH strips accurate in the 8-9 range or phenol red indicator solution 

A 250 ml beaker for each group for decanting stock NaOH solution.  

Several small beakers for titration (3 or 4 per group). 

Labeling tape and permanent markers 

PREREQUISITE KNOWLEDGE: 

•	 Students should be able to use computers to do Internet research. 
•	 Students should be able to use common laboratory equipment to measure 

liquid volumes, to measure mass, and to prepare solutions.  

Creating Bio-Diesel 

Teaching and Prep time: 

Gathering materials:  2 hours+. This exercise is most effective if there are a 
variety of waste vegetable oils to work with.  These can be accessed from the 
school cafeteria, the teacher’s own kitchen, or restaurants that fry foods in 
vegetable oil. It is advisable to consider the oil source a few weeks in advance. 

Classroom setup: 30 minutes 

Teaching time:  The entire exercise can be completed in one 2-3 hr. lab 
session. An additional follow-up exercise is included.  

Introducing the exercise: 20-30 minutes 

Step I, making fuel from new vegetable oil:  40 minutes 

Step II, chemical analysis of used vegetable oil: 30 minutes 

Step III, making experimental fuel from used vegetable oils: 30 minutes

 Optional 2nd week analyses: 1 hr+ 
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into a mixing bottle with an equal amount of water, then shake this vigorously 
until the two are mixed together.  After mixing, allow the fluids to settle and 
observe what happens.  Fuel with a lot of soap in it (too much lye, or fuel made 
from oil high in free fatty acids) will form an emulsion (like mayonnaise) that is 
difficult to separate even with time.  Well-made fuel will separate into a layer of 
milky wash water and amber biodiesel after about 10 or 20 minutes.  
Comparisons can be made between settling/ separation times for different 
batches of fuel, to assess the level of impurities in each batch. 

It is common in large scale biodiesel processing to continue the wash process 
until the water no longer becomes cloudy.  In water washing, water is very 
gently combined with the fuel to avoid emulsification (adding water via fine mist 
nozzles is one option, running air bubbles through the water layer beneath a 
column of fuel is another.)     

After the initial wash, saturated water is drained off, and the process is repeated 
until water runs clear and is relatively neutral in pH.  Washed biodiesel should be 
allowed to settle several days until it becomes completely clear before using.  
You will notice that washed fuel is typically clear enough to see through. 

Specific Gravity: The specific gravity of biodiesel should be somewhere 
between 0 and 0.90. Although this is reported to be an unreliable indicator of 
fuel quality, it does present an interesting comparison between batches of fuel or 
between fuel and unprocessed vegetable oil. 

Biodiesel resources: 

Matt Steiman, Wilson College, Chambersburg PA 

Websites: 

Homebrew biodiesel: 

www.kitchen-biodiesel.com 

http://www.biodieselcommunity.org/ 

www.journeytoforever.org 

www.biodieselamerica.com 

Discussion board with great archives:  
http://biodiesel.infopop.cc/6/ubb.x?a=cfrm&s=447609751 

Industrial biodiesel: www.biodiesel.org 

Books: 

•	 “From the Fryer to the Fuel Tank” by Joshua Tickell.  The original book on 
biodiesel, including basic information on how to make small batches, build 
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a biodiessel processoor, and con vert a vehiccle to straigght vegetabble oil. Alsoo 
contains nice informmative sections on bioddiesel history and enviironmental 
benefits.   The webssite www.biodieselameerica.org seells the bookk, and lots 
of other useful inforrmation. 

•	 “Biodieseel Homebreewer’s Manuual”, by Maria “Mark” AAlovert. Thhis resourcee 
guide co ntains a steep-by-step explanationn of how too make fuel in small 
and largee batches, aas well as aan affordabble processoor design. AAnswers 
most of tthe questions one will have after reading “FFrom the Fryyer” and 
making ffuel for a w hile.  Highlyy recommeended!  Ms. Alovert sellls her bookk 
at www.llocalb100.ccom, anotheer very use ful website! 

Otheer safety i nformatioon 

MMethanol SSafety: 

MMethanol iss poison! This powerrful alcohol causes eyee and skin 
irrritation, andd can be abbsorbed thrrough intactt skin. This substance 
haas caused aadverse repproductive aand fetal effffects in animals. it is 
haarmful if inhhaled. May be fatal orr cause blinndness if sswallowed. 
May cause ceentral nervoous system depressionn. May causse digestivee 

tract irritation wwith nauseaa, vomiting,  and diarrhhea. 

Dangger! Flam mable liquuid and vaapor. Keep sparks andd flame awaay. 
Methhanol vaporrs sink in air. 

The MSDS for mmethanol is available from http:///www.kitch en
biodiiesel.com/MMethanol_MMSDS.htm 

Soddium hydrroxide (lyee) 

Poiison! Dangger! Corroosive! May be fatal if swallowed,, and 
harrmful if inhaaled. This ccompound causes burns to any aarea of 
conntact. Reactts with wateer, acids annd other maaterials. 

Thee MSDS for Sodium Hyydroxide (lyye) is availaable from 
http://www.kitcchen-biodie sel.com/NaaOH_MSDS..htm 

Mateerials Sources: 

•	 Most matterials and equipmentt for this proocedure can be obtainned throughh 
normal sschool lab s upply comppanies. 

•	 Sodium hhydroxide ((lye) can bee obtained ffrom the scchool chemiical 
supplier. Red Devil Lye may al so be foundd in the cleeaning section of 
hardwaree and groceery stores. Sodium Hyydroxide caan also be oordered 
online. 
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•	 Methanol can also be ordered from the school chemical supplier.  Race 
fuel shops also carry methanol, and the yellow bottle of Heet gas line 
deicer (from auto parts stores) is 99% methanol. 

•	 Small plastic syringes for titration can be found affordably at many 
pharmacy stores. 

•	 Phenol red can be found at many swimming pool supply stores. 

•	 A cheap and effective indicator solution can be made from Turmeric (an 
Indian spice available in grocery stores) using the following recipe:  Add 6 
grams (1 tbsp) turmeric to 100 ml of isopropyl (rubbing) alcohol.  Place 
turmeric and alcohol in a jar and shake, allow to settle overnight, and 
decant the liquid. 5 drops makes an effective indicator that changes to 
red at pH 8.5. 
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Making Bio-Diesel 

Technology Education 

Statement of the Problem 
To create a fuel to be used in a diesel engine from a renewable feedstock and 

use as many by-products of the process for other end use products 

IDEAS * DEVELOPING * BUILDING * TESTING
 
EVALUATING * REDESIGN/REBUILD/RETEST
 

to
 
SUCCESS
 

ME:_________________________________________________________________________
 
ATE STARTED:________________________ DATE DUE:______________________________
 

OVERALL ACTIVITY GRADE:__________
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Requirements 
1.  This activity will be completed in_____________. 
2.  You will work in teams of two and create 1 quart of Biodiesel. 
3.  Your completed brief is due on ________________. 
4.  Answer the Research Questions on page 3 prior to beginning biodiesel process. 
5.  You must fully complete part five by recording all data. 
6.  Complete all the work asked for and answer all questions in this brief booklet. 
7.  Names of all group members must be on the front page and assessment rubric. 
8.  Review the Assessment Rubric to know all grade requirements were satisfied. 
9.  Present all findings in a 2 page report and PowerPoint presentation to the class. 

Objectives 
1.  Definition of a renewable fuel. 

2. How the substitution of biodiesel fuel for petroleum diesel benefits the environment. 

3.  How biodiesel fuel is made from waste vegetable oil. 

4. How the process can be adjustedto utilize waste oils from different sources, and the 
chemical analyses necessary to determin oil quality. 

5. How to assess the finished product. 

Research Paper and PowerPoint Presentation 

Requirements: 

Each group will prepare a 5 page paper outlining the following (all members must participate): 
1. An abstract 
2. Introduction 
3. An overveiw of the entire process 
4. Data, findings, and calculations 
5. Difficulties and solutions 
6. Conclusion 

Each group will prepare a ten minute PowerPoint presentation and present to the class. 
1. This presentation should be a snapshot of your paper and design brief. 
2.  All students must participate in the presentation (changing slides doesn't count) 
3.  Students should be professionally dressed. 
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